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Introduction
This work i n t e n d s t o study t h e Mo-permalloy m a t e r i a l i n r e s p e c t of e s s e n t i a l physical e f f e c t s which determine t h e IP and CF of t h e m a t e r i a l s o t h a t t h e most advantageous manufacturing and annealing c o n d i t i o n s could be determined. The magnetic anisotropy energy d i r e c t l y unfolds its e f f e c t on t h e IP and CF by means of t h e r o t a t i o n a l process of magnetisation. An i n d i r e c t e f f e c t , however, on t h e IP and CF can a l s o be a t t r i b u t e d t o t h e anisotropy e n e r g i e s through t h e determination of t h e domain w a l l energy and t h e a c t u a l b u i l t -i n of t h e domain s t r u c t u r e i n a given g r a i n s t r u c t u r e . The g r a i n s t r u c t u r e and impurity content a l s o unfold a considerable i n f l u e n c e an t h e domain w a l l motion, which appears i n t h e t e c h n i c a l parameters, a s well. The complex appearance of t h e s e e f f e c t s can only be s t u d i e d by simultaneous examinations of anisotropy e n e r g i e s and domain s t r u c t u r e . I n t h e work presented h e r e we proposed t o examine how t h e magnetocrystalline and rmgnetostrictive anisotropy e n e r g i e s , t h e g r a i n s i z e and impurity c o n t e n t s d e t e rmine t h e IP and CF, r e s p e c t i v e l y . The anisotropy parameters (Kt ; Alp0 ! h 1 were derived from advanzed approach tt, s aturation measurements /1,2 w h l l e ' k e domain s t r u c t u r e c h a r a c t e r i s t i c s -such a s average domain s i z e (2a); domain w a l l r e s t o r i n g p r e s s u r e ( x ) ; r o t a t i o n a l p a r t of t h e I P (pi$ -were derived from t h e f i t of t h e complex IP vs. frequency s p e c t r a with proper t h e o r e t i c a l models /3,4,5/. The average g r a i n s i z e (0) was determined by l i n e a r i n t e r c e p t method and t h e impurity content by t h e thermal conductivity analysis /02 content/ and infra-red analysing method /C and S contents/.
Experimental
Two p a r a l l e l experiments were performed s o a s t o reach our aim: a t f i r s t , t h e Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1985673 magnetocrystalline and magnetostrictive anisotropy energies were changed widely, while the average grain sizes and impurity content were restricted at nearly equal level /ExpI/. For second, very different grain sizes and impurlty contents were generated atapproximatelyequal anisotropy constants /ExpII/. Both experiments were performed on Mo-permalloy (Ni 80,2 wt%; Mo 4,7 wt%; Mn 0,5 wt%; R Fe) materials. In ExpI the samples were prepared from sheets cold rolled to the required 0.2 mm thickness, a 50 % flnal reduction. Toroidical samples were punched for the IP and CF measurements and 50x2 mm strips were cut from the same part of the sheet for the anisotropy measurements. Each sample was annealed for 4 hours at the 1250 OC temperature, then furnace cooled at 100'~ per hour to room temperature. This kind of heat treatment yielded more or less same average grain sizes -about 0.52 mm of diameterand the same measure of the purification, which means C<lOppm; Sc2ppm; 0,<25ppm, respectively. To reach the proper anisotropy energies the samples were baked in vacuum for 2 hours at a temperature (Tq) ranging between 400-800 ' C that was f o l l m d by rapid cooling to room temperature. This baking did notessentiallyinfluence the grain sizes and impurity contents established earlier. This kind of preparation of the samples made it possible for us to reach very different anisotropy energy values with constant grain sizes and impurity contents. The constances of the magnetocrystalline and magnetostrictive anisotropy energies -K, ; and All, -were determined by means of approach to saturation measurements Improved by us earlier forplycrystallinematerials. In this method the common examination of the external magnetising field (H) and the external elastic stress (&) dependence of the approach to saturation made it pssibletoexperimentally eliminate the influence of the disturbing non-anisotropic effects. These measurements are suitable for the determination of very low value of K1 ( in order of 10 J/m3) and hill (in order of 10-7) (see further detalls in ref.
).
The toroidical and strip samples of the Exp 11. were prepared from cold rolled sheets of different thickness and final reduction5 (see Table 1 ). The atmosphere of the flnal annealing was also varied but all the samples were exposed to the same annealing procedure: holding on 1 2 5 0~~ for 4 hours then cooled in furnace at about 100 . C per hour to room temperature. This klnd of preparation of samples resulted in very different grain sizes and purifications during the holding, while the fairly similar cooling process yielded close values of the anisotropy and magnetostrictlve constants /showed also in Table 1 ). The anisotropy measurements were carried out on strip samples, while the IP, CF and complex IP measurements on toroidical samples. walls are perpendicular to the sheet surfaces and don't interact with each other; the magnetization of domains has no normal component to the sheet surfaces. The differences of the used models are in the assumptions related to the domain wall motion: the Polivanov model /3/ supposes ideal bowing motion of the walls, which means that the inertia of the walls (m), the spin relaxation damping ( Q ), the restoring forces ( O C ) and the finite wall energy ( if) were not taken into account. Only the average domain wall spacing (2a) determine the actual value of the complex IP (P.mode1). Bishop improved the Polivanov model in two ways so expanding the validity of the model on higher frequencies. His first appqoximation /4/ discussed a more complex way of motion where dl f , / 3 were also not zero (BI. model). In his other solution /5/ only the rotational magnetization process was considered in addition to the ideal bowing motion of walls (BII.mode1)
-which was neglected in two solutions mentioned above.
Results
The results of these experiments are presented in fig.1 and 2 . Fig. 1 . shows the effect of AH1 and K1 on the technical magnetic properties (IP and CF). It can be seen that zero crossing of K and All, show increasing in IP and decreasing in CF and Kl has a greater effec! than A, , , . This examination made it possible to determine an ideal Tq temperature for the rapid cooling follcwing the heat treatment.That was 500 O C for this composition.
The results of Exp I1 can be seen in Fig.2 . Two results are striking a t the study of this figure: every parameter strongly correlatesto the IP, except the (D/2a) ratio that shows similar behaviour to that of CF. Let us consider the case of 1P.When the domain wall motion was hindered by the impurities, the restoring pressure rose onto higher values and the rotational ratio in the magnetization process was also considerable -all that appears in a lower IP value. In this point of view the carbon content carried no importance. All these 'results are in good agreement with the observations of many other workers /8,9/. The changes of the CF were rather monotonous, which was expected in this consideration. Only the (0/2a) ratio correlated closely to the CF, which is in good agreement with our earlier results: we had found that -in the materials where K1 is near to zero -the (D/2a) ratio is basically determined by the average grain size and the sheet thickness /7/. This experiment also proved some result in technological respect: the best IP and CF values were reached at 50 % final reduction and 0.2 mm sheet thickness annealing the samples in HZ atmosphere.
Conclusion
On Mo-permalloy material we performed examinations to determine the effects of the magnetocrystaline and magnetostrictive anisotropy energies and the effects of the grain and impurity structures on the IP and CF, respectively. The effect of the Kc was more decisive than that of thek!,, and at given anisotropy energies the IP was basically governed by the impurity content while the CF was mainly determined by the grain and statical domain structure. A more advantageous manufacturing and annealing condition was also found for this material.
